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1. cor- VO. 
Y?!"TS 

.9a L 
PRESSURE 
RECCVERY, 

P1 - 
PO / 

.90 I I I 1 
cs 73088 -10 0 10 20 30 40 

B I T  FLARE ANGLE, DEG 

11-15 



111. REFAN PROGRAM 

Robert W. Schroeder 
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CY 1972 CY 1973 CY 1974 

JASOND JFMAMJJASOND JFMAMJJASOND 

CY 1975 

JFMAMJJASOND 

REFAN CONCEPT FOR AIRCRAFT NOISE REDUCTION 

REDUCE JET NOISE (TAKEOFF) 

DECREASE CORE JET VELOCIN (INCREASED TURBINE WORK) 

DECREASE FAN DUCT JET VELOCIN (REDUCED FAN PRESSURE RATIO) 

BASELINE ENGINE 

~ 

PHASE I 
PHASE I1 
P & WA ENGINE DEV 
BOEING 727 NACELLE DEV 
DOUGLAS DC-9 NACELLE DEV 
BOEING 727 GROUND TESTS 
DOUGLAS DC-9 FLIGHT TESTS 
AMERICAN AIRLINES 
UNITED AIRLINES 

Ch-71DlsI 
REFAN ENGINE 

REDUCE FAN NOISE (LANDING APPROACH) 

USE SINGE-STAGE FAN (REPLACES TWO-STAGE) 

ACOUSTICALLY-TREAT ENGINE & NACELLE 

111-1 

CY 1972 

JTBD R E F A N  P R O G R A M  E L E M E N T S  

CY 1973 CY1914 CY1975 

JASOND JFMAMJJASOND JFMAMJJASOND JFMAMJJASOND 

TEST ENGINE NO. 3 I220 HRI 
SLS CALIBRATION I P  & WAI 
ALTITUDE TESTS ILeRCI 

--, 

I 
I 
I 

- 1  

I 

C O M P A R I S O N  OF B A S E L I N E  J T 8 D - 9  A N D  
R E F A N  J T B D - I O 9  E N G I N E S  

[ BASELINE 
THRUST. SLS. LB 
FAN 
INLET GUIDE VANES 
FAN DIAM. IN. 

I 1 4 5 m  
2-STAGE I :E 

INLET DIAM, IN. 42 5 I & LENGTH, IN. 
ENGINE WEIGHT (DRY). LB 
TOTAL AIRFLOW. SLS; LBISEC 
FAN PRESSURE RATlO 
FAN TIP SPEED AT TO. FTISEC 
BYPASS RATIO 
TURBINE INLET TEMP. 
PRIMARY JET VELOCITY. FTISEC 1 ii 
MIXED JET VELOCITY, FTISEC 1470 

REFAN 
16 Mx) 
1-STAGE 
YES 
49.2 
54.5 
134 
3780 
467 
1.67 
1600 

1 7 M  
1445 
1140 

2 m  

AIRCRAFT NOISE REDUCTION GOALS 

SIGNIFICANT REDUCTION I N  NOISE EXPOSURE CONTOUR AREA 

REDUCTlON IN LANDING APPROACH .% TAKEOFF NOISE AT FAR PART-36 
MEASURING STATIONS BY ABOUT 6-10 EPNdB 

I 
RUNWAY THRESHOLD-, I ,-BASELINE AlRCRAFl 

-LANDING APPROACH+-TAKEOFFICUTBACK * 
cc7m33 IFAN NOISE1 I (JET NOISE1 

111-2 

PRODUCTION A N 0  REFAN ENGINE COMPARISON 

PRODUCTION JT8D-9 
7 TWO FAN STAGES 

I \I ,r FOUR LOW COMPRESSOR STAGES 
' \  

TWO ADDITIONAL LOW COMPRESSOR STAGES REVISED FLANGE "M" ' 
rnw 

REFAN JTBD-109 
CD-11670 
CS-b9518 

111-4 

E N G I N E  TEST P R O G R A M S  I P  & W A  & L e R C l  

ITEST ENGINE NO. 1 1655 HRI 1 I 
STRESS, PERFORMANCE 
ENDURANCE, LOW CYC FAT. 
CORE NOISE 
FAA ENDURANCE 

TEST ENGINE NO. 2 025 HRI 
STRESS, PERFORMANCE 
TURBINE STRUT EVALUATION 

I I ==. = I  I I 
I = I  i 



REFAN ENGINE NO. I AT P&WA 

xrca 

111-7 

727 SIDE-ENGINE NACELLE COMPARISON 

BASELINE JTBD-9 (HARDWALL) iCUMSHELL TIR 

- REFAN JTBD-109 ICONflG 1)  - REFAN JTBD-103 (CONFIG 21' TITANIUM ACOUSTIC 
HONEYCOMB PANELS 

'ALSO HAS CONFIG I TREATMENT. CS72410 

111-9 

727 CENTER ENGINE 8 S-DUCT INLET 
REFAN ACOUSllC TREATMENT CONFIGURATION 

MHAUST DUCT TREATfXN?~ 

(SAME AS FOR SIDE ENGINES1 
5-DUCT TREAThWl WARIOUS 

REFAN ENGINE NO. 3 IN ALTITUDE TEST FACILITY AT LeRC 

a 

<,  
111 8 

727 EXHAUST DUCT ACOUSTIC TREATMENT 
ALUMINUM-BRAZED TITANIUM HONEYCOME PANELS 

'SOLID OUTER SKIN 

csi303f  

111-10 

S-DUCT MODEL IN 20-INCH FAN RIG AT LeRC 



REFAN 727 SIDE-ENGINE NACELLE 
AT BOARDMAN TEST SITE 

PosinoN FAR M. BASELINE. REFAN * 1. BASELINE 
EPNW EPNW EPNdB -REFAN. 

c 

BASELINE 

I i -w13 

111-13 

REFAN AREA REDUCTION, 
5 

7 2 7 - 2 0 0  A C O U S T I C  P E R F O R M A N C E  C O M P A R I S O N  
GROSS WEIGHT, 172500 LB 

95 
90 

9.1 3. 0 67 
n . 6  7.2 74 

hEPNdi 
SIDELINE 

99.0 lOa0 9 2 4  7.6 CUTBACK 
APPROACHl4fl FLAPS lM.4 109.5 1025 7.0 

 TAKEOFF^ FLAPS 99.0 im.4  

FIRST FLIGHT OF DC-9 REFAN AIRPLANE 

t 



DC-9 NACELLE COMPARISON 
POSITION FAR 36, 

EPNdB BASELINE NACEUE - JTBD-9 
r 202 IN. 

BASELINE, REFAN. BASELINE 
EPNdB EPNdB -REFAN, 

AEPNdB 

L- MI IN. 
REFAN NACELLE - J I D - I W  

CS71032 

111-17 

90 EPNdB NOISE EXPOSURE CONTOURS FOR DC-9 
5 8  APPROACH FLAPS 

61% AREA REDKnON ,rBASEUNE 7.7 SQ MI 

r R E F A N  3.0 SQ MI 

SIDELINE I I rn .1  I 1M I R I 7 ... 
95.6 ID '73 10 TAKEOFF 

lAPPROACHl5@ TAKEOFFICUTBACK FLAPS I 1::; I I :i 1 1 
IAPPROACH135° FLAPS I 1D.l I i O l  I 96 I _] 

CS79oSO 
'500 APPROACH FLAPS. 

111-18 

FAA TAKEOFF FIELD LENGTH COMPARISON 

DC-9 BASEUNE VS REFAN 

JT80-9 BASELINE 

III I I I 
2 3  4 5 6 7 

I 

FAA TAKEOFF FIELD LENGM llOm FTI CS7rn028 

111-20 

. 
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IV. COMBUSTION AND EMISSION TECHNOLOGY 

Jack Grobman, Chairman 
David N. Anderson 
Larry A. Diehl 
Richard W. Niedzwiecki 

. 



S C O P E  

ENGINE EMISSION ENVIRONMENTAL EFFECT 

L 

ENGINE DEflNlTION 
CLASS 

T I  TURBOFANllURBOJET < 8om LB 

T2 TURBOFANllURBOJET> 8wO LB 

13 JDD MODELS 
T4 JTBD MODELS 
TS SUPERSONIC CRUISE ENGINE 
P2 TURBOPROPS 

THRUST 

THRUST 

APPLICATION 

GENERAL AVIATION 

WIDE-BODY TRANSPORT 

8707. DC-8 
8721. 8731, DC-9 
SUPERSONIC TRANSPORTS 
GENERAL AVIATION 

WHAT IS AIRCRAFT POLLUTION PROBLEM? 

WHAT ARE AIRCRAFT POLLUTION STANDARDS? 

WHAT I S  EFFECT OF ENGINE OPERATING CONDITIONS ON AIRCRAFI 
POLLUTANTS? 

HOW CLOSE ARE PRESENT-DAY ENGINES TO MEETING STANDARDS? 

WHAT PROGRESS HAS BEEN MADE I N  EMISSION REDUCTION 

CP191J6 
TECHNOLOGY? 

I V - 1  

E P A  E N G I N E  E M I S S I O N  S T A N D A R D S  

TYPICAL T2 CLASS ENGINE EMISSIONS 

o co 
w mc 

NOX 
H REQUIRED 1979 

LEVELS 

EMISSION 50 

co 
M C  (TOTAL HYDROCARBONS) 

NO, 

SMOKE 

TOXIC GAS 

ODORS 
PHOTOCHEMICAL SMOG 

TOXIC GAS 
PHOTOCHEMICAL SMOG 

VISIBLE 
PARTICLE DEWSITION 

C673135 
I V - 2  

EPA LANDING-TAKEOFF CYCLE 

- _ - ( I - - - -  " r---- ! ', 
CLIMBOUT -._ -i \ 

ALTITUDE, -1 I '. .-AFFROACH 

TIME. MIN 

I V - 4  

AIRCRAFT ENGINE EMISSIONS A 

IV-6 



I D L E  P O L L U T I O N  C O N S I D E R A T I O N S  
PRINCIPAL IDLE POLLUTANTS: co & nic 
PRINCIPAL CAUSES: LOW VALUES OF FUEL NOZZLE 

PRESSURE DROP, FUEUAIR RATIO, COMBUSTOR 
INLET TEMP & PRESSURE 

QUENCHING 

EMISSIONS REDUCTION AT IDLE ----- -- 

INCREASE RESIDENCE TIME 
REDUCE VELOCIN 
DELAY MIXING 

EXCESSIVE RESIDENCE TIME 

[ b L L U T l ~  MECHANISM I CORRECTION I 

REDUCE RESIDENCE TIME BY 
INCREASING VELOCIN 
RAPID QUENCHING 

TULIP SPRAY I AIR ASSIST N O Z Z L E  ' 
WOR ATOMIZATION & IMPROVE ATOMIZATION & I DISTRIBUTION 1 DISTRIBUTION I 

I I I I F'O;;l;WIUSTION INCREASE EQUIVALENCE I R A n o  To 1 

CS78118 

IV-7 

EFFECT OF IMPROVING FUEL ATOMIZATION 8on 60 

EMISSION INDEX. 
glKG FUEL 

CS731L3 

N-9 

F U L L  POWER P O L L U T I O N  C O N S I D E R A T I O N S  

PRINCIPAL POLLUTANT: NO 
PRINCIPAL CAUSES: HIGH OALUES OF COMBUSTOR INLET TEMP, 

PRESSURE, & FUELlAlR RATIO 

WLLUl lON MECHANISM I CORRECTION 1 LOWER FLAME TEMP BY 
ADDING DILUENTS (WATER) 
BURNING LEANER MIXTURES 
PREMIXING FUEL & AIR I PREVAWRIZING FUEL 

IV-10 

EFFECT OF FLAME TEMPERATURE ON NOx 

. 

i'J 8 

EFFECT OF FUEL AND AIRFLOW SCHEDULING 
ON IDLE EMISSIONS 

1 W  

BO[ fi 
% OF BASELINE 

CS71156 

20 

FUEL SCHEDULING 
ONLY 

FUEL & AIRFLOW 
SCHEDULING 

60 "c 
NQI EMISSION 

KG FUEL 

IV-12 



. 

EFFECT OF RESIDENCE TIME ON NO, 

240 - - - - - - - - - -EQUILIBRIUM t 
NO, EMISSION I 

INDEX. 

KG FUEL 

RESIDENCE nm. mSEC csIslsl 

IV-13 

EFFECT OF WATER INJECTION ON NOx 

W- 

5 REDUCTION 

c~,J1,2 0 .5  1.0 1.5 20 
WATER-FUEL RATIO 

I V - I 4  

PREMIXED PRIMARY ZONE TEST SECTION 

WATER I N J E C T I O N  A S S O C I A T E D  P R O B L E M S  
FUEL 

DEMINERALIZED WATER REOUIRED 

ANTIFREEZE PROTECTION 

AIRWRT L o G i s n c s  

NOT A SOLUTION FOR CRUISE NO, EMISSION 

IV-15 

c a n m  

PREMIXED NITROGEN OXIDES EMISSIONS 

irn- 
IHtUKtllLAL 

5 0 1  /& 
EMISSION INDEX, 10 - GASEOUS-FUEL DATA 

9 " 3 2  
m 5  

r LIQUID-FUEL DATA 

1 

.5 
. 4  .5 . 6  . I  . 8  .P 1.0 

EQUIVALENCE RATIO cs-7318 

- 
AS 
AMPLE 

~ P E R ~ R A T E D  
FLAMEHOLDER PREHEATED 

AIRFLOW 

N - 1 6  
cs-73137 

EFFECT OF RESIDENCE TIME ON 
NITROGEN OXIDES EMISSIONS 

l o r  Q 

EMISSION INDEX. 

KG FUEL 
NO2 __ tY 

.5 1.0 1.5 2 0  2 5  3.0 
CS-IJIS9 RESIDENCE nw. mS 

N - 1 8  
N - 1 7  



COMBUSTION EFFICIENCY AND NOx EMISSIONS 
v 
n. 6 

COMBUSTION EFF, 
5 4f 

>w. 1 
99.0 TO 99.7 
m. 0 EMISSION INOM. 

4 NO2 
KG FUEL 
__ 

1 

. 5  

. 5  I O  1.5 2.0 25 3.0 
RESIDENCE TIME. mS C C i B l C O  

N-19 

SCHEMATIC OF CATALYTIC COMBUSTOR 

- 
INLET- RLACTANTS 
AIR - - 

I 

- - - a -CATALYTIC__J 

I %  
PREMIXING ‘1 

PRNAPORIZING “DIFFUStR 
s m o h  

1v-20 

CATALYTIC REACTOR COMBUSTION EFFICIENCY 

C A T A L Y T I C  C O M B U S T O R  
D E V E L O P M E N T A L  P R O B L E M S  

OPERATING RANGE 
DURABILITY 
POISONS 
FOREIGN OBJECT DAMAGE 
COLD START 
IDLE 
FUEL PREPARATION 

rv-n 

w 
c*,3,~, .20 . a . M .35 .a .45 

EQUIVALENCE RATIO 

IV-21 

EXPERIMENTAL MODULAR COMBUSTOR 
CROSS-SECTIONAL VIEW 

FUEL 

AIRFLO 

MODULE COMPONENTS 
FUR 

1 

Q AIRFLOW 

HIGH TEMPERATURE S W I R L  CAN COMBUSTOR 

. 

CARBUREIOR SWIRLER h$ 
STABILIZER CS-64851 

IV-23 

IV-74 



NO, EMISSIONS WITH COMBUSTOR-MLET 
TEMPERATURE 

6 ATM COMBUSTOR PRESSURE 

ENGINE CLASS ENGINE DEMONSTRATION 

. 

STATUS 

NOX EMISSION 
INDEX. 
9 NO2 

KG FUEL 
- 

E M I S S I O N S  

OBJECWES 

24r COMBUSTOR 
/ CONVENTIONAL 

*t / 

O V E R A L L  P O L L U T I O N  C O N S I D E R A T I O N S  

WLLUTANT REDUCTION APPROACH 

co & M C  

BURN STOICHIOMFTRIC MIXTURE BURN LEAN MIXTURE 

~ MAXIMIZE RESIDENCE TIME I MINIMIZE RESID=] 

IMPROVE FUEL ATOMIZATION & DISTRIBUTION I 
cs73138 

IV-26 

E M I S S I O N S  R E D U C T I O N  T E C H N O L O G Y  P R O G R A M S  
R E D U C T I O N  T E C H N O L O G Y  P R O G R A M S  

TO INVESTIGATE & DEVELOP NEW COMBUSTOR CONCEPTS W I M  
POlENTlAL FOR SIGNIFICANTLY LOWER EMISSION LEVELS 

TO DEMONSTRATE M E  EMISSIONS REDUCTION BY ENGINE TEST 

PROGRAM PLAN 
CONTRACTED PROGRAM 
MULTIPHASE PROGRAM 
PHASE I - SCREENING 
PHASE 11 - REFINEMENT 
PHASE I11 - ENGINE DEMONSTRATION 

IV-27 

AIRESEARCH TFE 731 

GENERAL ELECTRIC C F 6 5 0  
PRATI & WHITNM JT9D-7 

1 4  PRATI & WHITNEY JTBD-17 i P2 ALLISON 501022 IV-28 

EXPERIMENTAL CLEAN COMBUSTOR PROGRAM 
T.2 CLASS E N G I N E  

ITSD P & W  

PHASE I INITIATED 

PHASE I COMPLEIE. 
PHASE 11 INITIATED 

PHASE I INITIATED 

PHASE I INITIATED 

CF73145 

CF6-50 G . E .  ,,-11,,1 

IV - 2 9  



P O L L U T I O N  G O A L S  
1-2 CLASS ENGINES 

I POLLUTANT 1 ENGINE 1 1979 I JT9D-I ENGlNElCF6-SO ENGINE1 

I I MODE [ I CURRENT 
VALUE I c%i:' 1 

I I I I 

M C .  glKG 

I V - a  

VORBIX COMBUSTOR 

EXPERIMENTAL CLEAN COMBUSTOR PROGRAM 
JT90 ENGINE 

-u 

HYBRID COMBUSTOR 

IV-31 

--fp;-- ' RADIAUAXIAL STAGED COMBUSTOR . -  J 

b 

PILOT 31 STAGE 

(5 < T A M  DOUBLE ANNUUR COMBUSTOR 

RADIAL/AXIAL STAGED COMBUSTOR 

N-34 

EMISSION INDM, 
g POLLUTANT 

KG FUEL 

POLLUTION REDUCTION STATUS 
8 0 ~  F P  - T-2 CLASS ENGINES 

0 CURRENT ENGINE VALUES 
COMPONENT TEST RESULTS 
1979 REQUIREMENTS 

60 7 0 1  H 
M R 

THC IlDLEl NO, ITAKEOFFI 

Iv- 35 



. 

T E C H N O L O G Y  C H A L L E N G E S  FOR P H A S E  I 1  - 
C U R R E N T  EFFORT 
T-2 CLASS ENGINES 

POLLUTION: 
ADDIllMJAL IDLE & TAKEOFF REDUCTIONS 
FUEL STAGING AT PART POWER 
EPA CYCLE DATA 

PERFORMANCE: 
BIT TEMP 
ALTITUDE RELIGHT 
DURABILIN 

SIMULATED ENGINE FUEL CONTROL SYSTEM 
DESIGN: 

cs-73511 

IV-36 

TECHNOLOGY C H A L L E N G E S  FOR P H A S E  111 - 
F U T U R E  EFFORT 

ENGINE TESTS 

DESIGN: 

POLLUTION: 
COMBUSTORlENGlNE INTERFACE 

AUTHENTICATE POLLUTION REDUCTIONS FOR EPA CYCLE 
INVESTIGATE SAMPLING TECHNIQUES 

ACCELERATIONlDECELERATION CHARACTERISTICS 
FUEL STAGING THRUST TRANSIENTS 

DETERMINE lRADEOFFS 

PERFORMANCE: 

P o t t u n o N  g PERFORMANCE: 

cs-13518 IV-37 

E X H A U S T  E M I S S I O N  P O L L U T I O N  R E D U C T I O N  
PROGRAM GOALS 

74, T1, & P2 CLASS ENGINES 

IV- 3 

I -  

TFE-731 COMBUSTOR 

I V -  R 

!, 



POLLUTION REDUCTION TECHNOLOGY PROGRAM 
T1 CLASS. TFE-731 ENGINE 

LEED 

MODIFICATIONS TO BASELINE COMBUSTOR 
t 

LOTED AIRBLAST 

c 

&OR AIR ASSIST FUEL 

MAIN GAGE .FUEL 

OED PREMlXlPRRlAPORlZAllON FUEL 

ca-72892 

IV-40 

ALTITUDE CRUISE NOx REDUCTION 

EMISSION +I' KG INDM, FUEL 

5 

0 
c ~ , 3 1 5 6  CURRENT A 

SST 

IV-41 

i M p n  

OMS. FI 

5-1.5 

EMIXED CATALYTIC 
W TUBE REACTOR 

=I o-a a 

A S S E S S M E N T  OF E M I S S I O N S  R E D U C T I O N  TECHNOLOGY 

TECHNIQUES REQD ENGINE 
MODIFICATION 

LOW WWER: 
AIR-ASSIST . . . . . . . . . . . .  MODERATE 

FUEL PREPARATION AIR-BLAST. . . . . . . . . . . . .  MODERATE 
FUEL SCHEDULING . . . . . . . .  MODERATE 

WATER INJECTION ...................... MODERATE 

LEANER FUEL-AIR MIXTURES 

CATALYTIC REACTOR .................... MTREME 

MULTIPLE BURNING ZONES. . . . . . . . . . . . . . . . .  MAJOR 
VARIABLE GEOMETRY .................... VERY MAJOR 

FULL POWER: 

$!iz&E;APd( ; : zi:RMA,oR 
ALL m m  LEVELS: 

cs-12Pm 

IV-42 



V. UPPER ATMOSPHERE POLLUTION MEASUREMENTS (GASP) 

Richard A. Rudey 

. 



. 

PROPERTIES OF EARTH'S ATMOSPHERE 

lnrld 

STRATOS WERE 

c w s m  TEMP. INCR- 

V- la  

U P P E R  A T M O S P H E R E  E M I S S I O N S  

ENGINE EFFLUENT m m n A L  ENVIRONMENTAL EFFECT 

REDUCTION I N  OZONE 

INCREASE IN SULFATES 

WX 

502 

WATER VAPOR INCREASE I N  CLOUDS 

PARTICULATES INCREASE IN PARTICLES 

C8-1BW 

v- 2 

PROPERTIES OF EARTH'S ATMOSPHERE 

lnrld 
'\ &ZONE LAYER 

'<. ,/' ABSORBS SOLAR W 
U. NATURAL VARIABILITY 

LPARTICULATE LAYER 
HEATS ATMOSPHERE 
NATURAL VARIABILIM 

I 
CONCENTRATION. INCR- Ck,S,S 

V- Ib 

U2 AIRCRAFT USED FOR ATMOSPHERIC 
AIR QUALITY MEASUREMENTS 

Ahl lS RESEARCH CENTER 

WB-57F AIRCRAFT USED FOR ATMOSPHERIC 
AIR QUALITY MEASUREMENTS 

JOHNSON SPACE CENTER 

G L O B A L  A T M O S P H E R I C  S A M P L I N G  P R O G R A M  I G A S P )  

OBJECTIVES 

OBTAIN UPPER ATMOSPHERE BASELINE DATA 

ASSESS POlEMlAL ADVERSE EFFECTS OF MHAUST EMISSIONS 

APPROACH 

INSTALL & OPERATE AUTOMATED INSTRUMENT SYSTEMS ON 

ACQUIRE GLOBAL AIR Q U A L I N  DATA DURING ROUTINE AIRLINE 

DOCUNNT & ANALYZE DATA FOR A PERIOD OF 5 TO 10 YR 

COMMERCIAL 747 AIRCRAFT 

OPERATION 

C+79111 
v - 4  



GASP CONSTITUENT MEASURING SYSTEM 

PARTICLES-. 

G A S P  MEASUREMENTS 

PARTICULATES GASES 
NUMBER DENSITY OZONE 
SIZE DISTRIBUTION WATER VAPOR 
MASS CONCENTRATION OXIDES OF NITROGEN 
CHEMICAL COMPOSITION CARBON MONOXIDE 

SULFATES CARBON DIOXIDE 
NITRATE S CHLOROFLUOROMETHANES RECORDFR 
CARBON 

RELATED INFORMATION 
GEOGRAPHICAL LOCATION 
MFlEOROLOGlCAL CONDITIONS 
AlRCRAFi OPERATING CONDITIONS 

v- 5 
c413126 

V-6 

V-7b 



GASP PARTICIPATING AIRLINES 

IN S E R V I C E .  DEL 1914 IN S L R V I C E ,  MAR 1915 

INSTALLATION. L A I L  1915 , . ~. 
V - 8  

GASP ROUTE STRUCTURE 



GASP DATA 
CHICAGO To HOEIOCULU; UNITED 7Q 

GASP DATA 
CHICAGO TO HONOLULU; UNITED 747 

0 

AIR TEMP, -50 
STATIC 

Or 

-1001 I I I I 

150 
WlND SPEED, 75 

0 
160 140 120 100 80 

KNOTS 

LONGITUDE. ”W c w m ~  

v-lrn 

NO 
PARTICLE SIZE DISTRIBUTION 

SAN FRANCISCO TO HONOLULU, 39wO FI 

DENSIN. 
PARTICLES 

M 3  
l# c 

\ MODEL FOR GROUND LEVEL 

\ 

V 12a 

E SAMPLING WITH F-106 

FLIGHT EVALUATION OF PARTICLE 
MEASUREMENT EIIUIPMENT. OPERATIONAL 
PROCEDURES AN0 SAMPLE A N A L Y S I S  
TEGlNlOlrES AND SUPPLEMENTAL FLIGHT 
DATA ACOUISITIOW f O R  THE GLOBAL AIR 

%* .. SAMPLING PROGRAM - .,.”... - 
*+ - - -  

FILTER GLRTRID6E 
FLDWMLTLR LEWIS f-106 AtRCRAn 

PARTICLE SAMPLER POD PARTICULAT~ FILTER INSTALLATION 
V-l2b 



4 

. 
GASP DATA FLOW CHART 

1 I *  1 NASA AlRCRAFl 

NASA, LeRC I COMP CENTER I 
' DATA CO!!PACl!NS 

I & FORMATING 1 
DATA STORAGE DOCUMMTATION 

a ANALYSIS 

CS73125 

V-13 

IMPACT OF AlRCAAFl EMISSIONS IN UPPER ATMOSPHERE 
IS UNCERTAIN 

GLOBAL DATA BANK OF UPPER ATMOSPHERE DATA IS 
NEEDED 

LEWlS GASP WILL PROVIDE SIGNIFICANT INPUT 

AEROSPACE INDUSTRY INTEREST A ASSISTANCE INVALUABLE 

c5-,3121 V-14 

e 



VI. FUEL-CONSERVATIVE ENGINE TECHNOLOGY 

James F .  Dugan, J r . ,  Chairman 
John E .  McAulay 
Thaine W. Reynolds 
William C. Strack 



OIL USAGE 

rnL& 

COAL 

F U E L  C O N S E R V A T I O N  

PROBLEM 
DWINDLING OIL SUPPLY 
RISING COST OF FUEL 

INCREASE FUEL SUPPLY 
USE FUEL MORE EFFICIENTLY 

SOLUnONS 

IDENTIFIED I 
ESTIMATED TOTAL 1 

I I I I 
3 2 4 6 8 ?id2 

15 

SURFACE TRANSPORTATION 
BARRELS/ 

DAY 

RESIDENTIAL & COMMERCIAL 
5 

0 
1970 1975 1980 1985 

YEAR C S I D I ,  

C S I I Q S  

r) 

V I - 1  

VI-2 

OIL SUPPLY ARE AIRCRAFT INEFFICIENT 7 
2XC-MILE TRIP 

DOMESnC L 

YEAR 

V I - 3  
cs-7w10 '' BUS AUX) TRAIN AIRPLANE 

VI-4 

WHICH AIRCRAFT USE THE FUEL? 
IWO DATA U S  AIRLINE AVERAGE FUEL PRICES 

TRANSATLANTIC 40 

30 

MILITARY 

COMMERCIAL 
TRANSWRTS 

VI-5 

ENGINES 

I 
C S I W 1 5  

V I - 0  
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